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Abstract 
Supply chain network makes it possible to create an effective and helpful context for managing supply chain. This 
network is a series of equipments that play roles in the supply chain development. In this network exist producers of 
raw materials and product-making factories, centers of distributing products and customers. The aim of the network is 
minimizing the total cost so that customer's demands might be answered. In this paper, three-phase multi-product 
supply chain network model is presented. The super-innovative method of genetic algorithm is used to solve these 
problems since they are classified into NP-Hard problems. Encoding of this presented. The super-innovative method 
of genetic algorithm is used to solve these problems since they are classified into NP-Hard problems. Encoding of this 
genetic algorithm is based on priority-centered encoding. In this method, the network nodes are developed according 
to their priority. Some types of problems are posed that are solved by means of genetic algorithm and mathematic 
programming problem solving software (LINGO) and then the results are compared. Moreover, this algorithm is 
shown to give acceptable answers and is therefore suitable for solving the problems in three-phase multi-product 
supply chain network. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of SCIJOUR-Scientific Journals Publisher. 
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1. Introduction 
Supply chain network makes it possible to create an effective and helpful context for managing supply chain. This 
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network is a series of equipments that play roles in the supply chain development 
In this network exist producers of raw materials and product-making factories, centers of distributing products and 
customers. The aim of the network is to minimize the total cost so that customer's demands might be answered. The 
costs in the network are of two types. The first type of costs includes the costs of building factories and distribution 
centers and the second type includes the costs of buying, producing, distributing and transporting the goods in each 
phase of supply chain network 
 
Suppliers are providers of raw materials which have well-defined capacity and also specified numbers. Plants are 
the factories of product generating which their maximum number for establishing them is definite and are of 
importance in finding which factories are to be made to answer the demands of distribution centers with minimum 
cost. DCs are distribution centers which as factories have limitations in their establishment and have to be determined 
in the problem. Customers are those buyers whose demand is definite and buy all of their products from just one 
center. In fig 1, the network has the nodes s for suppliers of raw materials, K for factories, J for distribution centers 
and I for customers. Arcs in network indicate the relationship between nodes and represent the transportation rout of 
products.  
 
Fig 1.(a) three-phase single-product supply chain network;.(b)A of  supply chain network 
 
The problems of MSCN Design are a type of Mixed-integer programming problems which can not be solved in 
great scales by definite algorithms and are so classified in NP-Hard problems. Therefore, in order to solve these 
problems, innovative and super-innovative algorithms are used. One of the efficient super-innovative methods for 
solving these problems is the genetic algorithm which has been frequently applied to this sort of problems successfully 
and led to good results. 
1.1.  Review of literature  
In a problem of supply chain network design, we look for the following outputs for the problem: 1- identifying the 
number of factories and distribution centers to be made in any phase of network 2- recognizing the optimal 
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transportation rout for transferring the raw materials to factories, transmitting made goods to the distributing and 
transporting centers and delivering those goods to customers.  
Many attempts on the basis of different hypotheses have been made to model two-phase and three-phase supply 
chain networks, each having been solved by means of a different method. Gen & Cheng (1997) studied this type of 
problems by incorporating them into such NP-Hard problems as multi-optional knapsack problems and location-
allocation problems. Amiri proposed an innovative method based on Lagrange method to minimize the costs existing 
in the network for two-phase model. Optimal structure of production and distribution network with operational and 
financial restrictions was presented by Tsiakys (2008). Genetic algorithm has been effectively used for solving the 
problems of supply chain network design. The first attempt in this context was made by Zhou, Min & Gen (2002) in 
which using the genetic algorithm, supply chain network designing model for the problem of balanced allocating to 
customers is solved through null-valency multiple distribution. Chan & Chung (2004)making use of the genetic 
algorithm and hierarchical methodology solved the process of two-phase multi-criteria single-product supply chain 
network model. Yeh (2006) presented a mimetic Algorithm for minimizing the total cost of transportation for the 
problem of three-phase distribution network. Gen, Chang & Lin (2008)offered a solution to the problem of designing 
multi-functional supply chain network via employing genetic algorithm. Altiparmak & Gen (2006)solved the problem 
of designing three-phase single-product supply chain network through the genetic algorithm and use of the priority-
based encoding method. They also applied this method to the multifunctional model for three-phase supply chain 
network. Antonio and Costa et al (2010) presented a three-phase supply chain and stated a new method of encoding-
decoding and applied it to solve their model in genetic algorithm. Salah Alden Ghasimi (2013) presented a new genetic 
algorithm for a new mathematic model of supply chain. Zeinab Haji Abolhasani and Marian (2013) presented a non-
linear integer model for a three-phase supply chain and also proposed a genetic algorithm to solve it. In this paper, a 
multi-product model of three-phase supply chain network is presented and then solved through using genetic algorithm 
and use of priority-based encoding method and the results are presented at the end. 
2. Presenting the mathematic model of three-phase multi-product supply chain network 
In order to present mathematic model of the problem, we first state the hypotheses of the problem: 
x The number of customers (suppliers of raw materials) and their demands (capacity) is definite. 
x The maximum number of factories and distribution centers and also their maximum capacity are definite. 
x Each customer receives all of his products only from a single distribution center. 
x Every supplier of raw materials, factory and distribution center is capable of supplying raw materials, producing 
various products and distributing a variety of products respectively in their maximum capacity. 
2.1. Indexes 
x ൌܫ ൌ ͳǡʹǡ ǥ ǡ ݅
x ൌܬ ൌ ͳǡʹǡ ǥ ǡ ݆
x ൌܭ ൌ ͳǡʹǡǥǡ
x ൌܵ ൌ ͳǡʹǡ ǥ ǡ ݏ
x ൌܮ ൌ ͳǡʹǡ ǥ ǡ ݈
x ൌ
2.2. Parameters 
x ୧୪ ൌ the demand for product I by customer i x ௝ܹ=the maximum capacity of center j x ୩= the maximum capacity of factory k x ୱ= the capacity of the supplier s for supplying raw materials x ୫ୟ୶=maximum number of distribution centers that can be founded 
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x ୫ୟ୶= maximum number of factories that can be founded x ୰୪=product of the type l of the raw material of the type r x ݒ௝=fixed annual operational cost of distribution center j x ݃௞=fixed annual operational cost of the factory k x ܿ௜௝௟=distribution and transportation cost of any type l product from distribution      center j to customer i x ௝ܽ௞௟=production and transportation cost of any type l product from factory k to distribution center j  x ݐ௞௦௥=buying and transporting cost of type r raw materials from supplier s to   factory k x  
2.3. Variables 
 
x ܾ௞௦௥=amount of raw material of type r which is sent by supplier s to factory k x ௝݂௞௟= amount of type l product which is sent from factory k to center of distribution j    x ݍ௜௝௟= amount of type l product which is sent from center of distribution j to customer i x ݖ௝= Binary variable for founding distribution center j. x ݌௞= Binary variable for establishing factory k. x ݕ௜௃= Binary variable for offering service by distribution center j to customer i. 

2.4. Target function of the problem  
total cost = cost of establishing factories + cost of founding distribution centers + cost of buying and transporting 
the raw materials from suppliers to factories + cost of generating and transporting products from factories to 
distribution centers + cost of distributing and transporting products from distribution centers and their delivering to 
customers.(equation 1) 
 
 ܶܥ ൌ෍݃௞Ǥ ݌௞
௞
൅෍ݒ௝Ǥ ݖ௝ା
௝
෍෍෍ݐ௞௦௥Ǥ ܾ௞௦௥
௥௦௞
൅ ෍෍෍ ௝ܽ௞௟Ǥ ௝݂௞௟
௟௞௝
൅ ෍෍෍ܿ௜௝௟Ǥ ݍ௜௝௟
௟௞௜
 
 
(1) 
2.5. model limitations 
Restriction 2: every customer receives his products only from one of distribution centers 
σ ݕ௝௜௝ ൌ ݈ǡ ׊݅        
 (2) 
 
Restriction 3: capacity limitation for distribution centers.  
 
                                       σ σ ݀௜௟ݕ௜௟ ൑ ݓ௝ݖ௝୪୧              
  (3) 
Restriction 4: the upper limit for the number of distribution centers that can be established.  
 
                     σ ݖ௝ ൑ ݓ௠௔௫୨         
(4)        
Restriction 5: balancing number of products sent by distribution centers and customer demand. 
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ݍ௜௝௟ ൌ ݀௜௟ݕ௜௃׊ ݅݆ܽ݊݀݈     
                                (5) 
Restriction 6: maintaining the circulation of products between the first and the second phases of supply chain 
network. 
 
σ σ ݑ௥௟ ௝݂௞௟ ൑ σ ܾ௞௦௥׊݇ܽ݊݀ݎ௦୪୨                          
              (6) 
 
Restriction 7: maintaining the circulation of products between the the second and the third phases of supply chain 
network.  
 
σ ௝݂௞௟ ൌ σ ݍ௜௝௟௜௞ ׊݆ܽ݊݀݈  
  (7) 
Restriction 8: limited capacity of each supplier for supplying raw materials. 
 
෍෍ܾ௞௦௥
௥௞
൑ ܧ௦׊ݏ 
(8) 
 
Restriction 9: limited capacity of factories in product generation. 
 
 
෍෍ ௝݂௞௟ ൑ ܦ௞ ௞ܲ׊
௟௝
݇ 
(9) 
 
Restriction 10: the upper limit for the number of  factories that could be established. 
              
                    σ ݌௞௞ ൑ ݌௠௔௫(10) 
 
 
Restriction 11:           ܾ௞௦௥ ൒ Ͳ׊ݏǡ ݇ǡ ݎ(11) 
 
 
Restriction 12:           ௝݂௞௟ ൒ Ͳ׊ǡ ǡ ሺͳʹሻ
 
 
ͳ͵ǣ        ݍ௜௝௟ ൒ Ͳ׊݅ǡ ݆ǡ ݈ሺͳ͵ሻ
 
 
Restriction 14:              ݖ௝ ൌ ሼͲǡͳሽ׊݆ሺͳͶሻ
 
Restriction 15:          ݌௞ ൌ ሼͲǡͳሽ׊݇ሺͳͷሻ
 
Restriction 16:          ݕ௜௝ ൌ ሼͲǡͳሽ׊݅ǡ ݆ሺͳ͸ሻ
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Restriction 1 describes one of the problem hypotheses which shows that each of the customers has to receive his 
demanded products from just a single distribution center. Restriction 2 reveals the capacity of each distribution center, 
that is, it states how many products each distribution center is capable to send. Restriction 3 illustrates the maximum 
number of distribution centers that may be founded. Restriction 4 states that the number of type l product sent by 
distribution center j to customer i is equal to the demands of customer i for type l product, that is, the customer receives 
the same amount of product as he has demanded. Restriction 5 stipulates that amount of use of every raw material 
each factory uses for generating products should be less than or equal with the amount of the raw material of the same 
type sent to that factory. Restriction 6 states that the number of products sent by the factories to the distribution center 
is equal to the number of products which the distribution center delivers to the customers. Restriction 7 indicates the 
limited capacity of each supplier in supplying the raw materials. Restriction 8 explains that the number of products 
generated in a factory and then sent to distribution centers is less than or equal to the capacity of that factory. 
Restriction 9 tells us that the number of factories to be built should not be more than the maximum number of the 
factories that could be founded. Restrictions 10 to 12 state that the related variables are non-negative. Restrictions 13 
to 15 entails that these variables are in binary format. 
3. Explanation of solution method and computational analysis 
3.1. Explaining solution  
So far, genetic algorithm has been frequently used for solving the problems in designing two and three phase supply 
chain network. An important part in solving a problem through genetic algorithm, which can be happened to be the 
most difficult part, is how to encode that problem. Three methods have been so far presented for encoding the 
problems in supply chain network:  
 
x edge-based encoding(Gen & cheng,1997) 
x Vertex-based encoding(Gen & cheng,1997) 
x Edge-and-Vertex encoding(palmer & kershenoaum, 1995) 
 
Applying GA in transportation and distribution problems was for the first time done by Michalewicz .He made use 
of matrix-based method, which belonged to the edge-based method, for displaying generation and distribution 
network. Three-phase mono-product supply chain network has been solved by Syarif & Gen (2002)using Prufer 
number method. Another method which has been used to solve supply chain network through genetic algorithm is 
based on priority-based encoding which was employed by Altiparmak & Gen (2006) for solving multi-functional 
mono-product supply chain network. This method is belonged to the edge-based method. In this paper, the priority-
based method is used for multi-product model. 
3.2. The explanation of priority-based encoding method 
In solving the problems of designing three-phase supply chain network through the priority-based method, each 
chromosome consists of three parts any of which incorporates one phase of network, that is, becomes the rth phase of 
supply chain network. Priority-based encoding method is used in the first and second phases of three-phase supply 
chain network and since each customer receives his products just from one distribution center, integer encoding is 
used for the last phase. The chromosome length for the last phase is equal to the number of customers of supply chain 
network. Each gene in chromosome is recognized by two important factors; First, Lucas that describes the position of 
gene in the chromosome line and the second, Alel which demonstrates the value attributed to that gene. Every gene's 
position is used for displaying a node of network (supplier, factory, distribution center, customer) and the value of 
each gene is realized in its priority in communicating in network. For displaying each product in mono-product 
network, ȁȁ ൅ ȁȁ genes are used for the first phase, ȁȁ ൅ ȁȁ genes for the second phase and ȁȁ genes for the last 
phase. The value of each gene signifies the node's priority in opening and communicating with the other nodes in the 
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network. Put together, for encoding the chromosome of each product, a chromosome as long as ȁȁ ൅ ȁȁ ൅ ȁȁ ൅ ȁȁ ൅
ȁȁ genes is used. For displaying the chromosome of the balanced multi-product three-phase supply chain network, 
ሺ ൅ ሻ  genes are used for showing the first phase and ሺ ൅ ሻ  genes for the third phase. On the whole, 
ȁȁሺȁȁ ൅ ȁȁሻ ൅ ȁȁሺȁȁ ൅ ȁȁሻ ൅ ȁȁ genes are used for encoding three-phase multi-product supply chain network. 
Decoding the chromosome in supply chain network is processed backwards, that is, first of all the third phase is 
decoded, then the second phase and at last the first phase is decoded.   
At first, the transportation rout between the distribution centers is determined at the same time as the last phase 
decoding is happening; in the next step the decision which factories to be opened is taken, then the transportation rout 
is decided and in the last step the transportation rout of raw materials to the open factories is determined. Therefore, 
it should be noted that the main decisions in the network as to which distribution centers and factories should be 
opened and which should remain closed, are taken during the decoding process in the third and the second phases. If 
the number of the established distribution centers or the number of the established factories exceeds their upper limit 
that expresses the maximum number of distribution centers and factories that can be made, the existent chromosome 
will be modified so that an answer might be achieved. So, the general process of decoding chromosome in the priority-
based method is that the third phase of supply chain network is first decoded in which the distribution centers to be 
opened is determined and the customer demand must be met by only one of them and the amount of ୧୨୪ becomes 
clear. In the next phase, the factories to be opened are determined and the demands of distribution centers are answered 
by them. In this phase, it is possible for several factories to answer the demands of a distribution center at the same 
time. In this phase ୨୩୪is determined; the obtained answer should be feasible; that is, the number of distribution centers 
and factories established should not exceed the maximum number of them. If the answer is not feasible, the 
chromosome is modified to obtain a feasible answer. In the next phase, the number of raw materials sent by each 
supplier to any factory is determined, that is, ୩ୱ୰ is worked out and at last the appropriacy function which is the target 
function is computed through finding the variables of the problem and the algorithm goes through the selection, 
combination and jumping phases to approach the optimal answer after some repetitions. 
Therefore, we can state the pseudo-code of genetic algorithm for solving the three-phase multi-product supply 
chain network as follows: 
 
Algorithm: GA for Multi-product , 3-stage SCN design problem 
input: SCN data , GA parameters (population size pop_size, crossover rate p, mutation  rate  pm and  maximum  
generation max_gen) 
output : best solution 
begin 
k՚0; 
intialize   p(k); 
evaluate  p(k); 
while not (termination   condition ) do 
select  p1  and  p2   binary  tournament fom   p(k); 
Apply  crossocer  to  p1 and p2  for   obtaining C; 
Apply mutation to C; 
Check  the  feasibility  of  the  offspring   and  repair  the  infeasible offspring  Elitist  strategy; 
Update   p(k); 
k՚k+1 
output   best   solution 
end 
3.3. Problem solving and algorithm efficiency 
In order to show the efficiency of the algorithm, two series of problems are used. The first series includes those 
problems with small dimensions and the second one includes the problems with large dimensions. These problems 
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have already been solved by Jayaraman & pirkul using the innovative method of Lagrange. These small problems 
include ten classes and each class in its turn involves 20 repetitions of the problem based on random data., 
Owing to their smallness, the problems of this group could be solved through using commercial optimization 
softwares; so we can compare the answer obtained from the genetic algorithm with the obtained answer by solving 
through LINGO8 software; but because this problem is an NP-Hard one, in large dimensions these softwares are not 
capable of obtaining the optimized answer in an acceptable time. C++ programming language and a Pentium 4 
computer with a 2.8GHZ CPU is used in order to encode the genetic algorithm. Data used for solving problems are as 
follows: 
Customers, distribution centers, factories and suppliers are generated randomly via unified distribution in a 
coordinate system with height and width in interval [0.100]. Euclidean distance between the nodes is assumed as the 
total costs among nodes in any stage; for example, the Euclidean distance between nodes j and k indicates the cost of 
generating and transporting products from the factory k to the distribution center j. The demand for any product by 
any customer is generated based on the unified distribution U[10,100]. The rate of any product unit of type l use of 
the raw material of r type is determined according to U[0,10]. The fixed cost of establishing distribution center is 
generated through the distribution U[1000,2000] and the fixed cost of establishing factory is generated through the 
distribution U[5000,1000]. We calculate the value of 1.5 ×σ σ ୧୪୪୧  as the whole capacity of distribution centers and 
divide it randomly among the distribution centers. We assume the value of 2×σ σ ୧୪୪୧  as the total capacity of factories 
and allocate it randomly to the factories. The number of distribution centers and factories which is shown in the 
following table indicates the maximum number of distribution centers and factories that could be founded. The 
combination rate is assumed equal to 1 and the jumping rate equal to 0.5 (for any part of chromosome). Gap or 
difference according to percent, is defined in this table as: 
 
 
ܩܽ݌ ൌ ቂ௛௘௨௥௜௦௧௜௖௦௢௟௨௧௜௢௡௩௔௟௨௘ି௢௣௧௜௠௨௠௦௢௟௨௧௜௢௡௩௔௟௨௘௢௣௧௜௠௨௠௦௢௟௨௧௜௢௡௩௔௟௨௘ ቃ ൈ100               (17)  
        
 
In table 1, I represents the number of customers, J stands for the number of distribution centers that can be 
established, k indicates the number of factories that can be founded, S stands for the number of suppliers of raw 
materials, R represents the various raw materials and L illustrates the number of products. The number of customers 
is from 10 to 50; the number of distribution centers that can be made is between 5 to 15; the number of the factories 
that could be established is between 5 to 10, the number of raw materials and suppliers equals to 2 and the number of 
products equals to 2 or 3. The average solution time by LINGO8 software and the average solution time by GA are 
presented. In any class of problems, the average difference between the genetic algorithm answer and the optimized 
answer is presented in percent and the maximum difference ratio between the obtained answer and the optimal answer 
in any class is also presented in percent. Any class of problems is performed randomly twenty times. 
 
                                  Table 1. the comparison of GA and Opt answers for the small values of model parameters 
Parameters  Time Avg of CPU              Gap(%0)      
Class I J K S R L Opt GA 
   
Avg Max 
Pop 
Size 
Max 
gen 
SP1 10 5 4 2 2 2  16.54 82.17  0.49 4.04 100 1000 
SP2 10 5 4 2 2 3  24.12 83.29  0.75 3.98 100 1000 
SP3 20 5 4 2 2 2  28.86 84.69  1.62 3.23 100 1000 
SP4 20 10 5 2 2 3  35.74 95.37  1.58 4.08 150 2000 
SP5 30 5 5 2 2 2  31.69 93.16  1.55 4.39 150 2000 
SP6 30 10 5 2 2 3  62.77 104.37  2.38 4.45 150 2000 
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SP7 40 10 5 2 2 2  327.48 97.19  3.07 8.27 200 2000 
SP8 40 15 10 2 2 3  964.83 124.26  3.78 8.51 250 3000 
SP9 50 10 5 2 2 2  524.36 115.6  5.18 7.38 200 3000 
SP10 50 15 10 2 2 3  1352.58 145.7  3.39 10.21 300 3000 
 
 
In this table, the speed of solving problems is also presented in order to show the quality of genetic algorithm 
answer. For the problems in which the number of customers is more than 30, GA finds the answer more quickly; The 
larger the number of customers and the other parameters gets, the speed difference in arriving at an answer gets more. 
In comparing the optimum solution of sp1 and sp2 that are different only in the number of products, it can be seen that 
the solution time increases significantly indicating that the optimum solution time is very sensitive to the number of 
products while GA doesn’t show such sensitivity. This is also the case in comparing the optimum solution of sp6 and 
sp7 and also sp9 and sp10. The primary population values and the number of repetitions vary according to the problem 
dimensions. The least difference mean value is seen in the problem sp1 (0.49%) and the most difference mean value 
is seen in sp9 (5.18%). The least value of maximum difference is seen in sp3 (3.23%) and the most value of the 
maximum difference is seen in sp10. 
Now we turn to the large-scale problems; 6 different classes with the number of customers between 100 and 200, 
the number of suppliers and the raw materials equal to 2, the number of factories between 10 and 15, the number of 
the distribution centers between 20 and 30 and the number of customers equal to 2 or 3. Any class of problems is 
performed 10 times at random. Due to the large scale of these problems, solving these problems using LINGO software 
is not possible in an accessible time because achieving the optimum answer has not been possible 6 hours after 
initiating solution by LINGO. Here, the difference signifies the difference ratio in percent between the genetic 
algorithm answer and the lower limit obtained in table 2 . 
 
          Table 2- Comparison of GA and Opt answers for the large values of the model parameters 
Parameters 
 Time Avg   
   CPU                Gap(%0)     
 
Class I J K S R L Opt 
   
Avg Max 
Pop 
Size 
Max 
gen 
LP1 100 20 10 2 2 2  192.57  4.19 8.22 350 4000 
LP2 100 20 10 2 2 3  203.15  5.12 6.63 400 4000 
LP3 150 20 15 2 2 2  297.61  3.48 5.45 500 5000 
LP4 150 20 15 2 2 3  316.57  4.07 6.09 550 5000 
LP5 200 25 15 2 2 2  657.48  3.86 6.00 600 5000 
LP6 200 30 15 2 2 3  924.12  3.62 6.34 700 5000 
 
In this group of problems, it is again perceived that an increase in the number of products results in the increased 
time of computations indicating the problem sensitivity to the number of products. The number of primary population 
is assumed approximately twice as long as chromosome chain and the number of problem repetitions varies according 
to the problem parameters. The least difference mean in percent is seen for LP3 problem (3.48%) and the most 
difference mean in percent belongs to the LP2 problem (5.12%). The least maximum difference in percent belongs to 
LP3 problem (5.45%) and the most maximum difference belongs to the LP1 problem (8.22%). The value of difference 
mean for 6 classes by genetic algorithm has been reported 4.04% whereas this value for solving by LINGO8 has been 
7.68%. Therefore, it gets obvious through these examples that the algorithm can arrive at an acceptable answer in a 
time interval much less than that can LINGO in large-scale problems. 
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4. Conclusion and the hints 
4.1. Conclusion 
In this paper, first the three-phase multi-product supply chain network model was presented and then two groups 
of problems were studied. All the problems were solved using LINGO8 software and the genetic algorithm; in the 
group of small problems, LINGO software led to the optimum solution but the genetic algorithm arrived at an 
acceptable answer for the problems with more than 30 customers more quickly. Also in this group of problems, the 
difference ratio of the answer by the genetic algorithm compared to the optimum answer showed a mean difference of 
3% which is an acceptable ratio. However, in the large problems LINGO software was not able to arrive at the optimum 
solution during 6 hours of solving while the genetic algorithm obtained an acceptable answer in a much less time. So 
the obtained results indicated that the genetic algorithm method through using the priority-based encoding is an 
appropriate method for solving the designing problems in multi-product multi-phase supply chain network. 
4.2. Hints 
The problem of multi-product three-phase supply chain network could be studied on the basis of the following 
assumptions: 
x The demand of customers is non-definite. 
x The problem is formed as multi-functional. 
Also, the problem of multi-product three-phase supply chain network could be solved by means of other innovative 
algorithms such as Ant colony, Scatter search and Tabu search. The genetic algorithms could also be used with different 
encoding methods. 
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